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INTRODUCTION 
The popularity of the strawberry as a dessert fruit, 
both process and fresh, makes it the second most important 
smal fruit, economicaly, after the grape. Although no 
accurate statistics are available on the extent of worldwide 
production, it is estimated that JOO,OOO to 400,000 acres 
are normaly devoted to strawberry production on a worldwide 
scale, which includes about 130,000 acres in North America. 
At least half the production on this continent is frozen, 
canned or processed in some other form to provide a irly 
stable year-round supply. 
Relatively recent changes in labor supply and increasing 
wages for strawberry pickers have stimulated active interest 
in the mechanical harvesting of strawberries as a means to 
maintain or increase production while holding the costs of 
production to a financialy feasible level. Although con-
siderable progress has been made, the widespread use of 
mechanical strawberry harvesters cannot be achieved until 
equate development and testing has resulted in a functional 
commercial unit which the grower can afford to buy and effec-
tively use. 
As with other mechanicaly harvested crops, the plant 
eder must play an important role in developing strawberry 
varieties with characteristics adapting them to mechanical 
handling. Fruit firmness with adequate resiliency to with-
2 
stand minimal bouncing and roling, concentrated ripening 
in which al or most of the fruit is ready to pick in a 
once-over harvest, uniformity of size, and adequate yields 
with good flavor are some of the characteristics sought in 
varieties for mechanical harvesting. 
Traditional methods of cultivation of strawberries wil 
also have to be re-examined and revised in a mechanicaly 
harvested planting to adapt row widths, mulching practices 
and weed control for optimum use of land and capital. An 
increased size of a planting wil probably be required to 
compensate for losses in missed or severely damaged fruit 
in a once-over harvest. 
The objectives of this investigation were to examine 
and compare morphologicaly two cultivars which have exhib-
ited concentrated ripening in the field with two non-concen-
trated varieties. The dormancy period between short-day 
floral initiation and long-day treatment provided a natural 
break between the two parts of the study. 
In the first part, sectioned crowns with floral struc-
tures were examined microscopicaly for differences in post-
initiation development. In the second part, after the dor-
mant period, inflorescences were sectioned at intervals and 
data on fruiting behavior were obtained from plants in the 
enhouse and plants fruiting in the field. 
3 
REVIEW OF LITERATURE 
Serious and thorough study of the morphology of the 
modern strawberry apparently began with several works by 
Antoine Duchesne, whom Darrow in his recent book, The Straw-
berry, credits with the first recognition of the usefulness 
of a cross between the North American Fragaria virginiana 
and the beach strawberry, F. chiloensis, lieved to the 
parents of the modern, commercial strawberry, E· ananassa 
Duch. (7). 
Probably the first practical work in the U.S. scribing 
the morphology and development of the strawberry, especialy 
the inflorescence initiation, was that done by Goff at the 
Wisconsin Experiment Station for a period of three years, 
terminating in 1900 (12). He concluded that the Clyde variety 
began initiating inflorescences about September 20 and con-
tinued for 4-6 weeks thereafter. It was also noted that 
initiation was preceded by a week-long period of low tem-
peratures, suggesting that lowering of temperature and re-
duced vegetative activity in some way stimulated fruit bud 
initiation. He decided that initiation was first visible 
at a stage when the apex flatened and became irregular in 
long sectional outline. This point has generaly been ac-
cepted in the literature since that time as the first sign 
of inflorescence initiation. 
In 1907 H. E. Morrow did similar work on the Senator 
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Dunlap and Warfield varieties for his baccalaureate thesis 
at Iowa State Colege (21). He came to essentialy the same 
conclusion as to the time of floral initiation, and noted 
that most inflorescences had developed secondary buds and 
discernible sepals, petals and stamens in the primary flower 
by the end of the growing season in early December. Some 15 
years later, Schi ter and chey began a series of studies 
on the Dunlap variety which provided much of the earliest 
information on the factors and response rates involved in 
inflorescence development in the runner series (28). They 
found that initiation of flower buds in runner plants began 
early in September in the first runner plants and continued 
until the end of the growing season in early December on the 
last plants in the series. Calyx primordia had developed in 
the oldest plants in a runner series by October 5. Polen 
mother cels were noted in the stamens of primary flowers 
by the end of the growing season; it was also of interest 
to note that flowers initiated late in the season atained 
essentialy the same degree of development as those formed 
earlier. 
As might be expected, flower counts in the runner series 
indicated a gradual decrease in the average number of flowers 
through the lOth plant in the series. The first 5 plants 
including the mother plant produced 87 percent of the fruit. 
Highest average yield of flower numbers and fruit occurred 
on runner plants which rooted early in the growing season 
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from June 25 to the second week in August. E. B. Morrow and 
Beaumont obtained almost the same results in North Carolina 
with yields up to 3 times as great in early-formed plants 
compared to those formed after September 1 (20). 
Waldo in 27 and 1928 did a study of fruit bud develop-
ment in 25 varieties, including several different species 
(32). His work might be considered to one of the most 
thorough examinations of the development of the strawberry 
inflorescence. By observing the first date of inflorescence 
initiation he was able to group the varieties into broad 
categories regarding initiation date. Development in pri-
mary, secondary and tertiary buds was found to be propor-
tional. Using a classification system based on stages of 
development in the primary flower he noted variable and 
irregular rates of development in different varieties. The 
important point was that the average interval of time between 
successive post-initiation stages of development was about 
10 days with some varieties consistently faster and others 
consistently slower. For many of the varieties, then, an 
absolute correlation existed between early differentiation 
of fruit buds, early blooming and early ripening or between 
late differentiation, late blooming and late maturity. This 
suggested the possibility there might also exist a correla-
tion between morphological development in concentrated ripen-
ing varieties and actual ripening behavior. 
During the same period Richey and Asbury's investigation 
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into the carbohydrate composition of plants in the runner 
series showed that total carbohydrates (the mono- and di-
saccharides) in the crowns decreased in the runner series 
from the mother plant to the younger plants (25). They sug-
gested that carbohydrate reserves directly influenced both 
the number of fruit buds and subsequent yield. 
After Garner and Alard's initial findings on photo-
period effects in the early 1920's a number of workers became 
involved in research on effects of photoperiod and tempera-
ture in the strawberry (11). Darrow (6) in 1934 and Greve 
(13) in 1936 in separate papers essentialy summarized what 
had been learned in their own work and others concerning 
the effects of the temperature-photoperiod interrelation 
on fruiting behavior. Nine points taken from both papers 
appeared to be of special interest in this study. 
1. Ordinary varieties, i.e., the June-bearing varieties 
of strawberries are "short-day" plants, rarely form-
ing fruit buds under natural conditions except in 
the fal, when days become short and temperatures 
become low. 
2. Branch crowns tend to form when the daily light 
periods become too short for runner formation. 
3. Fruit buds tend to form when the daily light period 
becomes stil shorter than for optimum branch-crown 
formation. Shortening daily light periods to 8, 10, 
and 12 hours in summer and early fal results in an 
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increase in the number of blossoms produced the 
folowing spring. 
4. Increasing the daily light periods by the use of 
artificial light does not induce ful normal growth 
in plants brought into the greenhouse from October 
through December, but wil induce growth approxi-
mating normal if the plants are brought in about 
September 1 or before fruit-bud formation has begun. 
5. When brought in from winter conditions after January 
1, growth of most varieties is approximately that 
of summer whether the plants are given additional 
light or not. 
6. Varieties are considered to have characteristic 
temperature-day-length responses which determine 
their regional adaptation. 
7· Northern varieties grow very litle under short 
days and, if first exposed to short daily light 
periods, require a low-temperature dormant period 
to break their rest period. 
8. The rest period in the strawberry is considered to 
be caused by a short-day low-temperature complex 
affecting nutrient balance and is broken to a degree 
in some varieties by additional daily light exposures 
and in al varieties by temperatures at or below 
freezing. 
9. At temperatures above 60° F. short daily light 
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periods (10 hours or less) are necessary to initiate 
fruit buds and may initiate them in a few varieties 
only. At low temperatures fruit buds may form under 
longer daily light periods. 
Interest in photoperiod-temperature responses in the 
strawberry continued into the postwar years. Hartmann deffion-
strated increasing runner production and decreased flower 
production with increasing temperature (16). Borthwicke and 
Parker obtained increased petiole length, leaf size and runner 
production with a corresponding decrease in the number of 
inflorescences by artificialy extending the basic outdoor 
daylength of 11 hours (3). 
Nitsch's early work describing the effects of endogenous 
auxin produced by fertilized strawberry achenes on the en-
largement of associated receptacle tissue is considered to 
be one of the important steps in the elucidation of physio-
logical factors involved in fruit development in general (22). 
He found that removal of an achene essentialy stopped devel-
opment of receptacle tissue immediately adjacent to that 
achene, suggesting that endogenous auxin from fertilized 
achenes directly stimulated growth and enlargement of the 
receptacle. Peak activity was observed 10-14 days after 
fertilization. 
Other relatively recent evidence discussed by Leopold 
infers that more than one growth substance may be involved 
in fruit enlargement or that a rise in endogenous auxin may 
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be associated with only a portion of the entire period of 
growth (18). Nitsch and Nitsch in 1961 found that auxins 
other than indoleacetic acid could also be correlated with 
fruit growth in tomatoes (23). 
The emphasis on hormonal control of plant processes 
apparently stimulated work by Gutridge in Scotland on the 
possibilities of auxin control of the vegetative-flowering 
response in the strawberry plant (14). In one of his initial 
studies daughter plants atached by a runner to the parent 
plants were placed in separate growth chambers. With parent 
plants under long-day treatment vegetative development was 
promoted and floral induction delayed in the daughter plant 
in comparison with daughter plants atached to parents under 
short-day treatment. From this and subsequent work he con-
cluded that strawberry leaves under long-day conditions pro-
duce a translocatable hormone or hormones which act as an 
inhibitor to floral initiation. The general conclusion was 
that daylength is the major factor in controling the supply 
of this postulated inhibitor while the other factors such as 
winter chiling, drought or nutrient deficiency may be con-
cerned in the utilization or destruction of the inhibitor. 
The most recent papers with his co-workers deal with defoli-
ation of strawberry plants after harvest (15), a fairly gen-
eral practice immediately prior to machine-harvest trials 
in the U.S. In Scotland, increases in yield after defoliation 
varied from 6 percent to 500 percent which he feels is due 
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primarily to the increased numbers of inflorescences pro-
duced. Yield increases apparently continued through the 4th 
and 5th crops, although these increases were observed to be 
dependent on plant vigor at the time of defoliation. 
Abscisin II (AbA), a compound of known structure iso-
lated from young coton bols, has been shown to induce the 
formation of resting buds in young birch plants maintained 
under long-day conditions (9). Other effects observed have 
been the acceleration of abscission in coton explants and 
an inhibition of growth in Avena coleoptiles (1). Evans in 
Australia has demonstrated the inhibitory effect of this com-
pound on floral induction in a long-day plant, Lolium temu-
lentum when applied immediately after initiation or during 
the initial long-day floral induction treatment (10). Al-
though there are as yet no data to support a hypothesis re-
lating AbA to Gutridge's postulated floral inhibitor in 
strawberries, a study by Rudnicki, Pieniazek and Pieniazek 
in Poland on AbA content in leaves and fruit of strawberries 
implies that the rather high concentration of endogenous 
AbA in both structures may be related to the long-day inhi-
bition of flowering in this species {26). Antoszewski and 
Lis' results from a study on the influence of growth sub-
stances on development of strawberry receptacle explants 
indicate that an inhibitor other than IAA is present in young 
strawberry fruit which produces a "lag" in growth of the 
explants (2). The identity of this inhibitor with endogenous 
AbA and its role in affecting both the growth and ripening 
in strawberry fruit remains to be established. Establishment 
of the existence of such an inhibitor relationship may wel 
be the key to an understanding of the physiological factors 
acting to produce the concentrated ripening behavior in cer-
tain strawberry clones. 
Economic, nutritional and sociological aspects involved 
in and stimulating interest in mechanical harvesting of straw-
berries are reviewed in a recent paper by Denisen and Buchele 
(8). The program leading to the selection of concentrated-
ripening clones used in this study is discussed. One of the 
techniques employed in an earlier harvester model, a stripping 
action as tines of rotating scoops are elevated through the 
foliage, is also described. Although some bruising of fruit 
occurred, high percentages generaly above 50% of the total 
fruit were obtained in a single harvest. 
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MATERIALS AND METHODS 
Post-Initiation Morphology 
Observations and field data in preceding years indicated 
that selection numbers 23-6214 and 26-6215 from the breeding 
program of Dr. E. L. Denisen produce a concentrated ripening 
of the fruit. The Cyclone and Midway varieties tend to pro-
duce ripe fruit for several pickings spread over a period of 
10 days to 2 weeks. These were chosen as representative of 
the non-concentrated types. 
During the period from September 5-9, 1967, 100 uniform 
primary runner plants (first plants in a runner series) of 
each variety were selected from a planting at the Iowa State 
Horticultural Research Station, poted in 3-inch clay pots 
and individualy labeled. Runners to the parent plants were 
left atached whereas al secondary and tertiary plants grow-
ing from the primary plants were removed. Pots were buried 
to the rim in soil around the mother plants to reduce evap-
oration. The entire planting was irrigated at intervals to 
promote rooting of the selected plants. 
The first sample of 6 plants of each variety for sec-
tioning of inflorescences was taken on October 6. Subsequent 
samplings from the entire population were made on October 28 
and November 22. 
By November 17, al selected plants had rooted in the 
pots. On this date, runners to the parent plants were cut, 
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pots were placed in flats on the ground and packed with 
chopped corncobs for protection against sudden temperature 
drops or desiccation, and watered thoroughly. Hay mulch 
was placed over the flats on December 13 at the same time 
that the field plantings were covered to protect the plants 
from severe cold weather and fluctuating temperatures. 
Al samples for sectioning were kiled and fixed in 
50% FAA (formalin-acetic acid), embedded in paraffin, and 
stained with the safranin-fast green combination as per Sass 
(27). 
Several problems were encountered in atempting to sec-
tion entire crowns. White mentions the difficulty in obtain-
ing complete sections in paraffin-embedded material due to 
numerous crystals presumably calcium oxalate (33). Lanning's 
more recent work on the distribution of silica in strawberry 
plants indicates that these crystals may consist primarily 
of silica (17). Minute particles of sand were also often 
encountered lodged in the protective hairs around inflores-
cences or inside leaf sheaths. These foreign particles could 
not be removed by vigorous washing. 
The numerous protective hairs also retained air pockets 
which prevented the enclosed inflorescences from being em-
bedded in the paraffin. Embedding was forced by placing the 
crowns in a desiccator inside the embedding oven atached 
by a hose to an outside vacuum source. 
By using numerous new razor blades in place of the normal 
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knives on the rotary microtome, it was possible to obtain 
enough complete sections of inflorescences despite the foreign 
substances present on the crowns. Al sections were cut at 
1~; this appeared to be an optimum thickness for minimal 
interference from crystals in the crown parenchyma. 
Greenhouse Experiment 
Long-day treatment to induce growth of inflorescences 
and fruiting was initiated on January 7, 1968. Seventy-five 
plants of each variety remaining from the initial fal selec-
tion were brought into the greenhouse, thawed for one day 
and repoted in 4-inch clay pots. On January 9 al were 
placed together in flats on a greenhouse bench in random 
arrangement. Flats were rotated on the bench weekly to 
minimize possible differences in light intensity. Supple-
mental daily lighting was provided from 4 to 10 P.M. by six 
350-wat incandescent bulbs suspended 20 inches above the 
plants. After the plants began active growth, 300 ppm liquid 
applications of a 20-20-20 soluble fertilizer were made weekly 
to maintain adequate fertility for plant and fruit development. 
To obtain data on the pre-anthesis developmental rates 
of inflorescences and the length of the blooming period of 
primary and succeeding flowers, individual flowers were la-
beled daily as anthesis occurred. In addition a scale of 
developmental stages based on daily observations of visible 
growth of pedicels and successive flower buds in the inflo-
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rescences was used in tabulating the number of days elapsed 
between stages for individual inflorescences within a vari-
ety. 
The scale used for measurement of pre-anthesis stages 
of inflorescence development was as folows: 
Stage 1 ••• 
Floral axis not elongated 
Stage 2 ••• 
la) Primary flower emerged from leaf sheath; secondaries not visible 
Primary axis elongated i -l" 
2a) Secondaries visible 
Stage 3 ••• 
Primary axis elongated l -2" 
3a) Secondaries visible 
3b) Tertiaries visible 
Stage 4 ••• 
Primary axis elongated 2 -3" 
4a) Secondaries ~ -i" 
Stage 5 .•• 
4b) Tertiaries beginning elongation 
4c) Quaternaries visible 
Primary blossom about to open; petals visible 
5a) Secondaries 1 -l" 
5b) Tertiaries ~-- i" 
5c) Quaternaries beginning elongation 
Stage 6 ••• 
Anthesis of primary blossom 
A graphical presentation of the number of inflorescences 
within a variety exhibiting a particular stage, and the number 
of days required to atain that stage is shown in Fig. 1. 
Entire inflorescences of al plants within a variety 
were harvested when it appeared that most primary fruit had 
just passed the point of optimum maturity. Harvest dates for 
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each variety in chronological order were: 
Variety 
Cyclone Midway 26-6215 23-6214 
Date of harvest 
March 5 March 7 March 11 March 13 
From the daily labeling of flowers at anthesis it was 
possible to obtain the number of days from initiation of long-
day treatment to anthesis of the primary, secondary, tertiary 
and quaternary flowers. The mean number of days elapsed be-
tween anthesis of these respective flowers was also recorded. 
Stage of ripeness for each fruit, individual pedicel lengths, 
number of flowers aborted and fresh weights of individual 
fruits were recorded at the same time for analysis and com-
paris on. 
Unanticipated losses to mice as the fruit ripened se-
verely limited analysis of the data. Traps and poison bait 
in and around the plants failed to reduce losses. Control 
was finaly achieved by placing the plants in flats on wire 
racks supported by inverted pots in trays filed with a strong 
Endrin solution. By this time, however, it was decided a 
field study of the same varieties would be helpful since ex-
tensive loss of fruit in several cases precluded meaningful 
analysis of data. 
Statistical design 
The 45 plants of each variety chosen to provide data 
on fruiting behavior were arranged on the greenhouse bench 
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in a randomized design, with varieties serving as treatments. 
This design permited an analysis of variance on the number 
of days from initiation of long-day treatment to anthesis of 
primary, secondary and tertiary flowers, despite loss of some 
data. Correlation coefficients were calculated to measure 
the degree of association between pedicel length and the 
interval between anthesis of respective flowers. The "F" 
test described by Snedecor was used to determine significant 
differences between varieties, and the standard error of a 
difference between two means was used to measure significant 
differences between selected varieties (30). For the pur-
poses of analysis, secondary and tertiary fruits were con-
sidered as subsamples. 
The mathematical model used for secondary and tertiary 
fruit was as folows: 
ljk = ~ +~ + f:ij 1" dijK 
where jJ. equals the means effect 
~ equals the treatment effect 
£1j equals the error 
cliJk equals the sub sampling effects. 
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Degrees of freedom were distributed as folows: 
Source 
Total 
Treatments (varieties) 
Experimental error 
(plants within varieties) 
Sampling error 
(flowers within plants) 
10 
179 
3 
176 
a d.f. 20 
359 
3 
176 
180 
alo, 2°, 3° refer to primary, secondary and tertiary 
flowers on individual inflorescences. 
30 
719 
3 
176 
540 
Degrees of freedom for the error variance were reduced 
by one for each fruit lost. Too few quaternary flowers were 
produced for inclusion in the analyses. 
The degree of ripeness of individual primary, secondary, 
tertiary and quaternary fruits was recorded at harvest using 
a rating scale from one to five as folows: 
Rating 
l 
2 
3 
4 
5 
Degree of ripeness 
green 
~ 2 green 
~ 4 green 
ripe 
overripe 
The number of aborted flowers was also recorded at the 
final harvest for individual flowers in inflorescences. In-
florescence branching variations were recorded as basal or 
high-branching types. 
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Post-Dormancy Morphology 
A random sample of 6 plants of each variety was taken 
for sectioning of the inflorescences on the same day supple-
mental lighting was begun to observe any possible changes 
in the development of the inflorescences during the rest 
period and to determine the extent of possible losses due 
to freezing of the crowns. Five subsequent samplings of 6 
plants were made at five-day intervals thereafter for com-
parison of post-dormancy development. 
Field Experiment 
A field experiment was set up using plantings of the same 
varieties within a variety trial at the Iowa State Horticul-
tural Research Station to supplement information from the 
greenhouse experiment. On May 15, 1968, a total of 80 plants 
of each variety (40 plants in each of two plots) were selected 
for uniformity of size and leaf number. Each plant was indi-
vidualy labeled and numbered for subsequent random selection 
from a plot or block. 
Four plants of each variety per block were randomly se-
lected at intervals of 5 days beginning at ful bloom. Samp-
ling of Cyclone and selection 26-6215 was begun on May 19; 
the first samples of Midway and selection 23-6214 inflores-
cences were taken on May 24. Observations from the greenhouse 
experiment indicated that approximately five days elapsed 
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between ful bloom of these respective varieties. 
On each sampling date, pedicel lengths and fruit weights 
were recorded. Variations in branching of inflorescences were 
recorded as basal or high branching types at each sampling 
date. Counts of aborted flowers were combined from the 4th 
and 5th sampling dates. The stage of ripening for individual 
fruits was recorded at the final sampling date by the same 
scale used in the greenhouse experiment. 
Statistical design 
The randomized complete block arrangement of the variety 
trial from which the plants were taken permited the use of 
a split-plot design for this experiment. Treating sampling 
dates as split plots permited a statistical analysis of 
variety x date effects. 
The mathematical model used was: 
xj~ -r + ~; -f ~j + Cc:J 1- ~ +(elL ~)Ik T6;Jli 
where: ~ equals the mean effects 
od equals the main plot effects 
{3j equals the block effects 
Oj equals the whole plot error 
~ equals the split plot effects 
(<x:J)1k equals the experimental error 
lijk equals the sampling error. 
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The degrees of freedom were distributed as folows: 
Source d.f. 
Total 319 
Whole plots 
Blocks 
Varieties 
Error 
Split plots 
Dates 
Varieties x dates 
Experimental error 
Sampling error 
1 
3 
3 
4 
12 
16 
280 
Fruit weight and pedicel lengths were analyzed using mean 
values for secondary and tertiary flowers. Quaternary flowers 
were again sufficient in number for analysis. The degree of 
ripeness of individual fruits was recorded at the final har-
vest by the same scale used in the greenhouse experiment. 
The same tests used in the prior experiment were employed 
to measure significant differences. 
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RESULTS 
Post-Initiation Morphology 
A number of differences in longitudinal sections of inflo-
rescences of the four varieties appeared to be of special 
interest (Figs. 1, 2, 3). The Cyclone variety consistently 
displayed a more advanced degree of development when compared 
to Midway, at least in the earlier post-initiation stages. 
Selections 23-6214 and 26-6215 displayed development inter-
mediate between that of the non-concentrated ripening vari-
eties on the same sampling dates (Figs. 1, 2}. These obser-
vations at first appeared to be in agreement with Waldo's 
results from which he concluded that the rate of differentia-
tion of floral organs in early post-initiation stages is cor-
related with the season of ripening the folowing spring (32). 
Although minor differences were evident in the degree of 
development of secondary fruit buds on the final sampling 
dates, gross features of inflorescences in al clones indi-
cated that varieties initiating inflorescences late in the 
season tended to atain essentialy the same degree of devel-
opment as those formed earlier (Fig. 3). Schileter and 
Richey's results were similar for different plants within 
a variety (28). 
The shortness of the floral axes in the concentrated 
harvest selections, especialy 26-6215, suggested the possi-
bility of a relationship between pedicel length and/or branch-
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Fig. l. Long-sections of strawberry crowns showing early post-initiation development of inflorescences ?OX 
a. Selection 23-6214. Primordial sepals and petals 
visible in primary flowers; secondary buds begin-ning development but showing no differentiation 
b. Selection 26-6215. Note shortness of inflores-
cence. Sepals, petals and tetrads visible in 
primary flower; secondaries are beginning devel-opment 
c. Cyclone. Primary flower fuly developed; second-aries showing al structures except ovaries 
d. Midway. Flatened apical bud showing only ini-
tial stages of development 
23 

Fig. 2. Long-section of strawberry crowns showing post-
initiation development of inflorescences ?OX 
a. Selection 23-6214. Sepals, petals and tetrads 
developed in both primaries and secondaries; 
tertiary flower is shown at right with beginning 
signs of quaternary flowers. Ovaries are not 
yet visible as distinct structures 
b. Selection 26-6215. ovaries visible in 
Compactness of the 
2b is of interest 
Again, al structures except 
the primary flower, as in 2a. 
inflorescence in both 2a and 
c. Cyclone. Both primary and secondary flowers 
show advanced development. Tertiaries are evi-dent but not fuly developed 
d. Midway. Primary flower shows only early devel-
opment of sepals and petals. A secondary flower 
is visible, but not differentiated 
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Fig. J. Long-section of strawberry crowns showing late post-
initiation development of inflorescences ?OX 
a. Selection 23-6214. A basal-branching inflores-
cence is evident with primary floral bud wel 
developed. Ovaries are not yet visible as dis-
tinct structures 
b. Selection 26-6215. Primary flower with sepals, 
petals and beginning ovary development. Second-
aries not differentiated. Note shortness of the 
floral axis in relation to other varieties 
c. Cyclone. A basal-branching inflorescence; of 
note are the length of the inflorescence and the 
fuly developed primary flower. Secondary flower 
visible is not differentiated beyond sepals and 
petals 
d. Midway. Primary flower showing only early devel-
opment of sepals and petals; secondary flowers 
are not differentiated into distinct structures beyond rudimentary petals and sepals 
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ing habit and the concentrated ripening response. 
Greenhouse Experiment 
A graphical presentation of the number of plants of each 
variety exhibiting a particular stage versus the number of 
days elapsed from initiation of long-day treatment showed 
dissimilar rates of development between concentrated-ripening 
selections and the non-concentrated varieties, at least in 
the period from initiation of long-day treatment to anthesis 
of the primary blossom (Fig. 4). Consistently fewer days were 
required for al plants of selection 26-6215 and the Cyclone 
variety to atain a uniform stage of development of inflores-
cences when measured by gross morphological features. The 
mean number of days to anthesis for secondary and tertiary 
flowers shows the same relationship between respective vari-
eties (Table l). 
Table 1. Mean number of days from initiation of long-day treatment to anthesis 
Primary (1°) Number of Variety Secondary da5s ( 2 ) Tertiary (3o) 
23-6214 28.8 33.1 39.1 
26-6215 23.7 30.6 34.5 
Cyclone 23.3 26.4 29.5 
Midway 28.7 32.0 35.4 
s.e.d a .34 .27 .28 
a Standard error of the difference between two means. 
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Fig. 4. The number of plants exhibiting a particular stage of development of the primary flower and the number of days elapsed after initiation of long-day treatment for each stage 
A consistently shorter time period required for primary flowers of selection 26-6215 and Cyclone to atain a particular stage is evident. Also of in-terest are the similar rates of development of primary flowers in selection 23-6214 and the Midway cultivar 
23-6214 
12 16 20 24  28 12 16 20 24 28 14 18 22 26 30 14 18 22 26 30 34 16 20 24 28 52 38 40 
STAGE n STAGE m STAGE m: STAGE Jl: STAGE lZI 
NUMBER OF DAYS AFTER INITIATION OF LONG -DAY TREATMENT 
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The mean number of days between successive flower groups 
within a variety, however, shows that these intervals are 
somewhat longer in the concentrated ripening selections than 
in the non-concentrated types, especialy in the overal span 
between primary and tertiary flowers (Table 2). 
Table 2. Mean number of days between anthesis of successive flowers 
1o  _ 2o a Number of days lo -3o Variety 20 -30 
23-6214 4.3 6.0 10.3 
26-6215 6.9 3·9 10.8 
Cyclone 3.1 3.1 6.2 
Midway 3·3 3.4 6.7 
alo -2° refers to the interval between anthesis of primary and secondary flowers; folowing headings similarly refer to intervals between anthesis. 
It was hypothesized that pedicel length of an individual 
flower might be a floral development indicator possibly corre-
lated with the period of time elapsed between anthesis of that 
flower and the succeeding flower. However, correlation coef-
ficients in the range from -0.01 to 0.20 indicated no signif-
icant relationship between petiole length and growth rates 
of inflorescences as a criterion for comparison of varieties. 
The number of fruit exhibiting each of the five stages 
of ripeness for each variety are tabulated in Table 3 with 
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Table 3. Stage of ripening for primary, secondary and ter-tiary fruits (single harvest)a on plants grown in the greenhouse 
Number of fruits 
Variety Overripe Ripe i Green ! Green Green Total 
Primar;y: fruit 
23-6214 14 10 4 0 1 29 
26-6215 20 11 2 0 0 33 
Cyclone 15 10 1 0 0 26 
Midway 5 7 1  2  2 17 
Secondar;y: fruit 
23-6214 4 38 6 4 8 60 
26-6215 21 35 6 3 1 66 
Cyclone 5 21 8  6  2 42 
Midway 1 12 7 3 4 27 
Tertiar;y: fruit 
23-6214 0 40 5 5 19 69 
26-6215 17 48 13 9 18 105 
Cyclone 0 5 3 3 5 16 
Midway 0 6  6 3 26 41 
aHarvest dates for each variety were: 23-6214 -March 13; 26-6215 -March 11; Cyclone -March 5; Midway -March 7. 
bRipe, i green and ! green fruits were considered as usable fruit. 
Overripe 
48 
61 
58 
29 
7 
32 
12 
4 
0 
16 
0 
0 
Ripe 
35 
33 
38 
41 
63 
53 
50 
44 
58 
46 
31 
15 
33 
Percent of total 
i Green 
14 
6 
4 
6 
10 
9 
19 
26 
7 
12 
19 
15 
i Green 
0 
0 
0 
12 
7 
5 
14 
11 
7 
9 
19 
7 
Green 
3 
0 
0 
12 
13 
1 
5 
15 
28 
17 
31 
63 
b Usable 
48 
39 
42 
59 
80 
67 
83 
81 
72 
66 
69 
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dates of harvest and percentages of the total fruit numbers 
in adjacent columns. 
Since Cyclone was the earliest to flower and ripen fruit, 
losses to mice are most evident in the reduced total for that 
variety, especialy in the number of tertiary fruits. 
The percentages of ripe secondary, and especialy ter-
tiary fruit, are considerably higher in the concentrated-
ripening selections than in the non-concentrated varieties, 
confirming observed behavior in field plantings. The inclu-
sion of partialy ripe fruit as usable fruit, however, tends 
to reduce these differences. On this basis, the percent 
usable secondary fruit is substantialy lower for selection 
26-6215 when compared to 23-6214 and Cyclone. The tendency 
of the Midway variety to produce a number of harvests over 
a longer period is evident in the reduced percentages of 
ripe and partialy ripe tertiary fruit. 
The number of aborted flowers observed for each variety 
suggests a possible relationship between a strong concentrated 
ripening response and the abortion of later developed flowers. 
Counts of aborted flowers at successive positions in the in-
florescence are shown in Table 4. Affected flowers typicaly 
exhibited a browning and drying of pistils folowed by desic-
cation of anthers, petals and sepals within two or three days 
after anthesis. With an average of 3.8 aborted flowers per 
plant in selection 23-6214, and considering the number of 
plants involved, it appears that an increased ripening rate 
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Table 4. The number of aborted flowers by position on the inflorescence and the number of plants involveda 
Position on inflorescence Number of plants Variety Primary Secondary Tertiary Quaternary involved 
23-6214 8 23 61 33 33 
26-6215 0 2 16 9 12 
Cyclone 0 1 8 3 7 
Midway 0 5  5 0 8 
acounts of aborted flowers were made at the single final harvest. 
and percentage of secondary fruit may in some manner be asso-
ciated with the abortion of a portion of the secondary and 
succeeding flowers, although no direct evidence for a rela-
tionship was obtained in this study (Table 4). 
On the majority of plants at least one or more fruits 
were lost to mice before the final harvest. Rather substan-
tial evidence from Sherman and Janick's work indicates that 
picking or loss of fruit through other means affects the size 
of succeeding fruit on the strawberry inflorescence (29). 
For this reason it is apparent that inferences to be drawn 
from fresh fruit weights in this experiment (Table 5) must 
be limited to general trends. The trend toward a greater 
degree of uniformity of fruit weights for primary and sec-
ondary positions on the inflorescence in both concentrated 
]6 
Table 5. Mean fresh weight of fruits (g.) by position on the inflorescence 
Position on inflorescence 
Variety Primary Secondary Tertiary Quaternary 
23-6214 J.O 1.9 1.4 
26-6215 4.8 ].8 2.4 l.J 
Cyclone 5.0 2.9 2.5 2.5 
Midway 2.9 2.5 2.1 
ripening selections, when compared to the Cyclone variety, 
suggests uniformity in fruit size as a characteristic of the 
concentrated ripening types. The failure of secondary and 
tertiary fruit comparisons to result in the same trends, 
however, indicates the data are inconclusive or misleading, 
considering the effect of fruit loss as a source of error. 
Although counts of inflorescence branching variations 
in the four varieties demonstrated a slightly higher occur-
rence of basal-branching types in concentrated-ripening selec-
tions, the differences in this experiment did not appear to 
be great enough to characterize fruiting behavior by a pre-
dominance of one type of branching (Table 6). 
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Table 6. Inflorescence branching variations by type for al 
varieties 
Type of branching 
Variety Basal High-branching 
23-6214 17 
26-6215 30 
Cyclone 8 29 
Midway 7 23 
Post-Dormancy Morphology 
Long-sections of inflorescence from samples taken imme-
diately prior to long-day treatment displayed no apparent 
changes in development from those taken before mulching in 
December. No losses due to freezing injury were observed 
(Fig. 5). The od immediately folowing initiation of 
long-day treatment and higher temperatures, however, is ap-
parently one in which internal structures of floral buds 
develop rapidly without a corresponding increase in entire 
inflorescence size (Figs. 5, 6). Secondary buds in selection 
26-6215 developed tetrads and prominent sepals and petals not 
observed in inflorescences sectioned five days earlier. The 
somewhat retarded development of secondary buds in the Midway 
variety is evident from the lack of visible ovary development 
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Fig. 5. Longitudinal sections of inflorescences taken 5 
days after initiation of long-day treatment 42X 
a. Selection 23-6214. Litle change in development 
from the pre-dormant period is evident, except for 
tetrad development in secondary bud 
b. Selection 26-6215. Changes in development from 
pre-dormant period appear to have occurred in pri-
mordial petal and sepal differentiation in secondary 
buds 
c. Cyclone. Tetrad and beginning ovary development 
in secondary buds has occurred, in contrast to the 
relatively undifferentiated secondary bud evident 
in the late pre-dormant period 
d. Midway. Litle change evident from the pre-dormant 
period except in development of primordial anthers 
in secondary buds 
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Fig. 6. Longitudinal sections of inflorescences taken 10 
days after initiation of long-day treatment 42X 
a. Selection 23-6214. Tetrad stage in secondary bud 
has occurred in the 10-day period from initiation 
of long-day treatment. Primordial anthers visible 
in the tertiary bud 
b. Selection 26-6215. Sepal, petal and tetrad devel-
opment in secondary bud proceeding rapidly. First 
signs of ovary development apparent in the primary 
bud 
c. Cyclone. Ovaries in secondary bud are prominent. 
Tetrad development in tertiary bud essentialy 
complete 
d. Midway. Only rudimentary sepals, petals and pri-
mordial anthers visible in secondary buds. Devel-
opment of entire inflorescence similar to 26-6215 
and retarded in relation to Cyclone and 23-6214 
q 
-
4 ?. 
and minimal growth of primordial se s, petals and 
anthers when compared to secondary buds in selection 23-6214 
and the Cyclone variety. Anther development primary and 
secondary buds of both the later clones approached the final 
stages somewhat earlier in the pre-anthesis period. 
In the third stage folowing initiation of long-day 
treatment (Fig. 7), distinct polen grains and prominent 
achenes in primary and secondary buds of Cyclone and selec-
tion 23-6214 when compared to Midway and selection 26-6215 
suggest an earlier period of ful bloom for these varieties. 
Differences are especialy apparent in secondary and succeed-
ing buds. 
Stylar development becomes most evident in sections of 
inflorescences taken twenty days after the end of the dormant 
period. Both the primary and secondary flowers exh it wel 
developed styles in the Cyclone variety (Fig. 8). Secondary 
and tertiary buds in the concentrated ripening selections 
showed only rudimentary stylar development at this time 
(Fig. Sa, b). As iking disparity in development is evident 
in the inflorescence of the Midway variety; a finite retard-
ation of development continued into the post-dormancy period 
(Fig. 8d). 
Similarities in the degree of development in inflores-
cences of selection 23 214 and Cyclone immediately prior to 
anthesis of the primary blossom indicate a simultaneous bloom-
ing period for these clones. Secondary and tertiary bud 
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Fig. 7. Longitudinal sections of inflorescences taken 15 
days after initiation of long-day treatment 21X 
a. Selection 23-6214. Earlier bloom period is sug-
gested from advanced development of secondary and 
tertiary buds. Polen grains are evident in pri-
mary and secondary buds 
b. Selection 26-6215. Primary bud development is 
comparable to 23-6214; secondary and tertiary buds 
are somewhat retarded in relation to 23-6214 
c. Cyclone. Polen visible primary, secondary and 
tertiary buds indicates an advanced stage of in-
florescence development 
d. Midway. Retarded rate of inflorescence develop-
ment is evident in lack of distinct polen devel-
opment and primordial ovaries in the primary flower 
bud. Consistently smaler inflorescence appears 
also to be of interest 
~~
-
-
· 
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Fig. 8. Longitudinal sections of inflorescences taken 20 
days after initiation of long-day treatment 19X 
a. Selection 23-6214. Beginning stylar development 
is evident in the primary bud. Other changes in 
organs appear to be minor, except for changes in 
size of the inflorescence 
b. Selection 26-6215. Stylar development in the pri-
mary flower is comparable to Cyclone. Secondary 
and succeeding flowers do not, however, show ;he 
same degree of stylar growth 
c. Cyclone. Both the primary and secondary flower appear to be fuly developed structuraly 
d. Midway. tarded developmental rate is evident 
from both the size of inflorescence and the degree 
of differentiation of organs 
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development in the Midway variety remained somewhat slower 
than that of Cyclone and 23-6214 and similar to that of 
selection 26-6215 (Fig. 9). The degree of development of 
the whole inflorescence, however, infers that the section 
of the same variety taken in the previous sample may not 
have been representative. Although sections of inflores-
cences within a variety for each sampling date were care-
fuly compared in selecting those for photographing, it seems 
unlikely that the extensive development evident on the final 
sampling date for the Midway variety could have occurred in 
the five-day period immediately prior to final sectioning. 
Field Experiment 
Concentrated ripening and uniformity of fruit size in 
field grown plants of selections 23-6214 and 26-6215 is 
clearly demonstrated in Fig. 10. Inflorescences of the 8 
plants of each variety taken on the final sampling date were 
photographed before obtaining data on fruit weight and abor-
tion counts. Secondary and tertiary fruit size in the non-
concentrated ripening varieties was typicaly more variable 
than in the concentrated ripening se ctions, when compared 
to primary fruit. An obvious and striking difference is 
evident in the number of green and partialy green secondary 
and tertiary fruit in the Cyclone and Midway varieties when 
compared to selections 23-6214 and 26-6215. Data on the 
size of tertiary and quaternary fruit and the number of 
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Fig. 9. Longitudinal sections of inflorescences taken 25 
days after initiation of long-day treatment 13X 
a. Selection 23-6214. Achene and style development 
are the most prominent features; structures appear comparable with those in Cyclone 
b. Selection 26-6215. Style, achene and polen deve 
opment is retarded in the secondary and tertiary 
buds when compared to 23-6214 
c. Cyclone. Al floral buds except the quaternary 
have progressed to an immediate pre-anthesis stage 
d. Midway. Development of achenes and polen in 
anthers suggests a rapid final rate of develop-
ment when compared to sections made earlier, or 
indicates that the section taken on the prior sampling date may be atypical 
, . 
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Fig. 10. Fruiting clusters of concentrated ripening selections 23-6214 and 26-6215 
with non-concentrated varieties Cyclone and Midway, taken at a single 
harvest 
Uniformity of fruit size and a high percentage of ripe fruit is shown 
in concentrated ripening selections. Numerous aborted or very smal 
tertiary and quaternary fruits are evident in these clones. Large size 
of primary fruit with large numbers of green secondary and tertiary 
fruits, typical of many non-concentrated ripening clones, are especialy 
evident in the Cyclone variety 
Z3-(,ZI4 Cyclone 
--. 
• • • 
26-6215 Midway 
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aborted flowers {Tables 4, 9) appear to particularly rel-
evant and strongly indicate that flower abortion plays a 
primary role in concentrated ripening, especialy in selec-
tion 23-6214. 
Field data on the number and percent of fruit exhib-
iting a certain stage of ripening at successive positions 
on the inflorescence tend to confirm some of the results 
obtained under greenhouse conditions. It is of interest 
to note again that the greatest number and percent of usable 
fruit in selection 23-6214 is obtained in secondary and ter-
tiary fruit, when compared to 26-6215 and Cyclone (Tables 3, 
?). In considering usable fruit, it appears from the field 
data that the Midway variety responds similarly to 23-6214, 
the concentrated-ripening type. In fact, the number and 
percent of ripe, secondary, and tertiary fruit strongly sug-
gests that Midway, a presumed non-concentrated ripening vari-
ety, may actualy provide yields as high as the concentrated-
ripening selections in a single mechanized harvest made at 
the proper time. 
Developmental rates of fruit in the four varieties were 
measured by changes in fruit weight for successive positions 
on the inflorescence at several sampling dates in the period 
between ful bloom and the final harvest. Means for fruit 
weight by position on the inflorescence and date of sampling 
are displayed in Table 8, with correspond analyses of 
variance in the Appendix, Table 12. The non-significant 
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e 7. Stage of ing for ' secondary, iary and quaternary fruits e harvest)a in field grown plants 
Number cf fruits 
ety Overripe Ripe % Green ~ Green Green Total 
Prirnar;y: fruit 
23-6214 4 12 0 0 0 16 
26-6215 1 13 2 0 0 16 
Cyclone 0 13 3 0 0 16 
Midway 4 12 0 0 0 16 
Secondar;y: fruit 
23-6214 l 17 13 l 0 32 
26-6215 0 16 12 2  2 32 
Cyclone 0 6 16 3 / 31 b 
Midway l 23 5 0 0 29 
Tertiar;z: fruit 
23-6214 0 6 14 7 17 44 
26-6215 0 5 10 1 25 41 
Cyclone 0 0 3 8 29 
Midway 0 13 10 15 25 63 
Quaternar;z: fruit 
23-6214 0 0 0 2 22 24 
26-6215 0 0 0 2 20 22 
Cyclone 0 0 0 0 5  5 
Midway 0 0 l 2 60 63 
aHarvest dates for each variety were: 23-6214 Midway June 13 26-6215 and Cyclone June 8. 
bR. lpe, l 4 green and ~ green fruits were considered as usable fruits. 
Overripe 
25 
6 
0 
25 
3 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
Ripe 
75 
81 
81 
75 
53 
50 
19 
79 
14 
12 
0 
21 
0 
0 
0 
0 
54 
Percent of total 
~ Green 
0 
lJ 
19 
0 
41 
38 
52 
17 
32 
24 
10 
16 
0 
0 
0 
2 
! Green 
0 
0 
0 
0 
3 
6 
10 
0 
16 
3 
28 
24 
8 
9 
0 
3 
Green 
0 
0 
0 
0 
0 
6 
19 
0 
38 
61 
62 
39 
92 
91 
100 
95 
b Usable 
75 
94 
100 
75 
97 
94 
81 
96 
62 
39 
38 
61 
8 
9 
0 
5 
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Table 8. Mean fruit weight (g.) by date of sampling and position on the inflorescence for each variety 
Sampling date 
Variety 1st 2nd 3rd 4th 5th 
Primar;y: fruit 
23-6214 .38 .88 1.01 3.56 6.91 
26-6215 .21 .72 .96 1.87 5.67 
Cyclone .47 .99 1.92 2.48 7.65 
Midway .43 1.16  1.84 4.86 6.53 
a .63 s.e. = 
Secondar;y fruit 
23-6214 .19 .35 .40 1.47 3.88 
26-6215 .16 .17 .38 .69 3.01 
Cyclone .24 .42 ·77 .91 2.63 
Midway .19 .48 .82 1.86 3.82 
a .36 s.e. = 
Tertiar;y: fruit 
23-6214 .10 .16 .18 .62 1.31 
26-6215 .09 .11 .19 .25 1.28 
Cyclone .12 .17 .31 .32 .87 
Midway .13 .19 .26 .89 1.37 
s.e. a .34 
a Standard error of the mean of any sampling date. 
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differences in fruit weight for variety x date interactions 
provided evidence for typical behavior by a variety, i.e., 
fruit weight at any date for any variety increased in con-
stant proportion relative to other varieties. This provided 
supporting evidence for the hypothesis that fruit development 
rates could be considered typical and possibly predictable 
for concentrated ripening varieties versus non-concentrated 
varieties. 
Since the means for final fruit weight differed for each 
variety, a cumulative growth ratio was calculated to graph-
icaly plot fruit development rates (Fig. 11). Cumulative 
mean increases in fruit weight for each sampling date divided 
by final weight for primary, secondary and tertiary fruit, 
respectively, providr~d indices for comparison of growth rates 
for each variety. On this basis it is of interest to note 
the generaly slower development of secondary and tertiary 
fruit in relation to primary fruit in selections 23-6214 
and 26-6215, when compared to the Cyclone variety. Growth 
of secondary and tertiary fruit of the Midway variety approx-
imately paraleled that of the concentrated ripening selec-
tions. 
AnothEr difference in a comparison of the development 
of fruit ir, the two types is the slightly accelerated growth 
of al frujt in the earlier post-anthesis stages for Cyclone 
and Midway. Highly accelerated increases in fruit size ln 
the final stages before harvest are similar for :3.11 the vari-
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Fig. 11. Cumulative growth rates, based on mean fruit weight, at intervals in the development of primary, secondary and tertiary fruits in concentrated ripening selections 23-6214, 26-6215 and non-concentrated varieties Cyclone and Midway 
Retarded growth rates of secondary and tertiary fruits in concentrated ripening selection is apparent at the second sampling date. A slight retardation of development of al fruits in these selections in early stages is also evident when compared to Cyclone and Midway 
1.0 
23-6214 CYCLONE 
oPRIMARY 
A SECONDARY 0 a TERTIARY '-0.5 
<:[ a: 
::t: t-3'; 0 a: 
(!) 0.0 w 1.0 > 26-6215 V1. ~ MIDWAY OJ .J :.:> :f :.:> (.) 0.5 
2nd 3rd 4th !5th lst 2nd 3rd 4th 5th 
SAMPLING DATES 
Table 9. Tne number of aborted flowers by position on the inflorescence and the number of plants lnvolveda 
Position on inflorescence Number of plants Variety Primary Secondary Tertiary Quaternary involved 
23-6214 17 44 23 
26-6215 1 20 6 15 
Cyclone 2 2 13 11 18 
Midway 1 4 25 18 
aCombined counts from plants on 4th and 5th sampling date (total number of plants: 32). 
eties studied. 
Combined counts of aborted flowers from the 4th and 5th 
sampling dates when compared to counts in the enhouse study 
(Tables 4, 9) show a degree of consistency in the rather high 
numbers of aborted tertiary and quaternary flowers for selec-
tion 2)-6214. Differences in abortion counts betveen 26-6215, 
Cyclone and Midway in both studies did not appear to be large 
enough to indicate a significant difference in behavior. 
Also of interest is the rather large proportion of plants 
of selection 23-6214 sampled in both experiments which pro-
duced abortive flowers. An average of 3.8 aborted flowers 
per plant in both studies produced further evidence for a 
substantialy higher abortion rate in this concentrated-
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Table 10. Inflorescence branching variations by type for al varietiesa 
T;z:ee of branching 
Variety Basal High-branching 
23-6214 61 19 
26-6215 34 46 
Cyclone 46 J4 
Midway J6 44 
aTotal number of plants: 80. 
ripening selection than for other varieties. 
Inflorescence branching varieties in plants sampled in 
the field were recorded at each sampling date as either high-
branching or basal branching types. Totals for each type of 
branching are listed in Table 10 by variety. 
The predominance of basal branching inflorescences ob-
served in field grown plants of selection 2J-6214 is not ccn-
sistent with results obtained in the greenhouse study (Tables 
6, 10). None of the three other varieties displayed a pre-
dominance of branching types considered indicative of fruit 
ripening behavior, although selections 26-6215 and the Midway 
variety in both experiments produced a greater number of h1gh-
branching inflorescences. Resul in field grown plants of 
the Cyclone variety also were inconsistent with those obtai1ed 
in the greenhouse. 
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DISCUSSION AND CONCLUSIONS 
Post-Initiation Morphology 
Internal development of inflorescences in the period 
immediately after initiation suggested a season of ripening 
for the concentrated-ripening selections intermediate between 
that of the early ripening Cyclone variety and the mid-season 
Midway. Counts of the number of days elapsed until anthesis 
of primary blossoms, however, demonstrated that early develop-
ment in the concentrated ripening clones was not indicative 
of the season of ripening (Tables l, J). These same resul~s, 
along with the observation that inflorescences appear to reach 
essentialy the same degree of development by the onset of 
dormancy (Fig. 3), indicate that differences in ripening be-
havior probably result primarily from differences in inflores-
cence development occurring after the dormant period. 
The lack of significant correlation between pedicel 
length and the number of days elapsed between anthesis of 
preceding successive blossoms, and the failure to observe 
a predominant branching habit in any of the clones, empha-
sized the need to discount these criteria as indicators of 
ripening behavior. 
Greenhouse Experiment 
The progression from one stage of development to the 
succeeding stage in the pre-anthesis developmental period 
( '") 
,___) f ~· 
gave evidence for rather consistent fruit development rates 
within a variety but did not indicate a consistency of be-
havior in concentrated versus non-concentrated ripening types 
(Fig. 4). The longer period of time involved for al plants 
to atain a relatively uniform degree of development in selec-
tion 23-6214 and Midway, when compared to Cyclone and selec-
tion 26-6215, indicates either that developmental rates 
measured by time intervals are not useful criteria for dis-
tinguishing between ripening behavior in the varieties com-
pared in this study, or that a factor or complex of factors 
can interact differently in different clones to produce some-
what similar ripening responses. The later explanation 
appears to be more reasonable, since the dissimilarity of 
response between concentrated varieties is so obtained when 
the mean number of days from initiation of long-day treatment 
to anthesis of primary, secondary and tertiary flowers are 
compared (Table 1). 
Comparing the mean number of days elapsed between an-
thesis of successive flowers, however, results in a degree 
of consistency among concentrated ripening selections and the 
non-concentrated varieties (Table 2). It might thus be hypo-
thesized that the longer period of time elapsed between an-
thesis of primary and tertiary flowers in the concentrated 
ripening selections is due to some unknown factor producing 
a mutual retarding effect of early and later flowers upon 
their concurrent growth. Nitsch's work shows that auxin 
production in developing achenes reaches a peak 10 to 12 days 
after fertilization (22). The effects of this increased ac-
tivity in early flowers on succeeding flowers in the inflo-
rescence are unknown. 
Recent work by Antoszewski and Lis in Poland on the in-
fluence of growth substances on strawberry receptacle explants 
emphasized the importance of the period of peak activity in 
the young, developing fruit (2). Explants from young recep-
tacle tissue taken less than days after polination exhibit 
a long lag period before growth begins in a basal medium con-
taining sucrose. Older receptacle tissue in the same medium 
apparently produces what the authors term "popcorn-like" 
growth, without the lag period. Indoleacetic acid in vivo 
can apparently be ruled out as a main factor regulating this 
effect, since homogenates of green strawberry receptacles 
strongly inhibited tissue growth; this inhibition was higher 
than could be expect for the amount of IAA present in the 
homogenates. 
The isolation and characterization of an endogenous 
inhibitor known to specificaly affect fruit ripening has 
not yet occurred. The recent characterization and evidence 
for the widespread occurrence of abscisin II (abscisic acid -
AbA) in the fruit of a number of species (24, 4) and the 
evidence for its identity with the main component of "inhib-
itor f3" (19), however, strongly implies that this growth 
regulator may play a direct role in fruit ripening. Rudnicki, 
Pieniazek and Pieniazek recently established the existence 
of rather high concentrations of endogenous AbA in strawberry 
leaves and fruit with the same methods used by earlier work-
ers (26). They found that AbA concentration was markedly 
higher in fruit harvested June than in leaves from the 
same plants, and that the concentration varied according to 
the stage of ripening. In September, green fruit and leaves 
contained large amounts of the inhibitor. Fruit abscission 
and the induction of dormancy have been correlated with the 
production of abscisin II in plants (1, 4). Since no definite 
abscission layer appears to develop in the strawberry inflo-
rescence, AbA might play some other important role in fruit 
development, especialy in the early green stages. Retard-
ation of ripening in young receptacle tissue could theoret-
icaly result from inhibition by endogenous AbA. A direct 
relationship remains to be established. A geneticaly-con-
troled longer period of blooming in concentrated ripening 
strawberry clones could thus conceivably result from a retard-
ation of flower development· in later flowers, somehow related 
to peak hormone activity in earlier flowers. Subsequent 
peaks of activity in secondary and tertiary flowers would 
then provide a retarding effect on growth of earlier fer-
tilized flowers, causing al fruit to ripen almost simul-
taneously. 
Non-concentrated ripening varieties which did not tend 
to produce successive bloom periods of secondary and tertiary 
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flowers coinciding with peak hormone activity in earlier 
flowers might thus maintain somewhat normal peaks throughout 
the fruit growth period, producing the successions of ripe 
fruit generaly obtained in these varieties. An investiga-
tion of changes in growth substances, specificaly growth 
inhibitors, during the period immediately prior to anthesis 
through fruit ripening could provide further evidence for 
mutual retardation in inflorescences, if such a mechanism 
exists in determinate fruiting plants. 
Mutual retardation of fruit development would theoret-
icaly result in uniformity of ripening and fruit size. Both 
phenomena have been observed in the field in the concentrated 
ripening selections used in this study. The data on the per-
cent of ripe secondary and tertiary fruit obtained in selec-
tions 23-6214 and 26-6215, respectively, confirms the uni-
formity of ripening (Tables 3, 7). Mean fresh weights of 
fruit in the greenhouse were, however, inconsistent with those 
usualy obtained in the field. This excessive loss of fruit 
prevented any meaningful size comparisons and suggests that 
inferences from these data on fruit ripening must be limited 
to trends and made with reservations on their reliability. 
The high incidence of aborted flowers in selection 
23-6214 complicates the consideration of mutual retardation 
of fruit development within inflorescences as a possible 
mechanism inducing concentrated ripening. Perhaps the abor-
tion response is related to the degree of a retarding effect 
of coincidental peak inhibitor activity in earlier blooming 
flowers in an inflorescence. Valeau's work o suggests 
a possible nutritional effect (Jl). No data was obtained to 
directly relate flower abortion to either or both possibil-
ities, although it appears that abortion of tertiary and 
quaternary flowers is an important response in the strongly 
concentrated-ripening selection 23-6214 (Table 4). 
Darrow's work indicates that inflorescence branching 
variations are related to the photoperiodic adaptation of a 
variety to a specific latitude (6). The slightly higher oc-
currence of basal branching inflorescences in the concentrated-
ripening selections when compared to Cyclone and Midway could 
then be considered a genetic result of crosses of parent 
clones with that tendency, probably unrelated to ripening 
behavior (Table 6). 
Post-Dormancy Morphology 
The accelerated development of internal structures in 
secondary buds of the concentrated-ripening s ection 2J-6214 
early in the post-dormancy period implied that this accelera-
tion might be correlated with an increased rate of post-
anthesis growth and ripening of secondary fru An apparent 
retarded development in the same buds of the mid-season Midway 
variety lent credence to this hypothesis. Differences in 
development of reproductive structures of Midway and Cyclone 
may in fact be related to the period of ful bloom and ripen-
ing season. However, the longer period of time elapsed be-
tween anthesis of primary and succeeding flowers in the con-
centrated-ripening selections implies that accelerated devel-
opment is not the mechanism involved in concentrated ripening. 
Field Experiment 
Observations on the number and percent of ripe fruit on 
samples in the field again verified the strong concentrated 
ripening response in selection 23-6214, due primarily to the 
number of pe and i green secondary and tertiary fruits 
(Table 7). A slightly less concentrated response is again 
evident in tertiary fruit in selection 26-6215. The high 
percent of ripe primary fruit in combination with ripe and 
partialy ripe secondary fruit undoubtedly accounts for the 
appearance of concentrated ripening in the field. High per-
centages of ripe fruit observed in the Midway variety are 
not consistent with those obtained in the enhouse. These 
data, in fact, strongly suggest that a single harvest made 
at the proper time in this variety could result in yields 
of ripe fruit similar to those obtained with the concentrated-
ripening selections. Yields of ripe fruit were also influ-
enced by the time of harvest. The high percentages of over-
ripe primary fruit in selection 2J-6214 and the Midway variety 
indicate that an earlier single harvest in these clones might 
have resulted in somewhat lower percentages of ripe secondary 
and tertiary fruits than those obtained in this experiment, 
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especialy in the Midway variety. 
Constant increases in fruit weight folowing anthesis 
in each variety (Appendix, Table 13), considered with growth 
increases for each variety, indicate that early post-
anthesis development may be of primary importance in deter-
mining the final ripening behavior (Fig. 11). Insufficient 
data, however, on the correlation between fruit development 
rates measured by weight increases and actual ripening sug-
gest that inferences atempting to relate one to the other 
must be made with caution. The retarded rates of increase 
in fruit weight for al fruit in concentrated-ripening selec-
tions compared to rates non-concentrated varieties provide 
some indirect evidence for mutual retardation by successive 
fruit on an inflorescence, especialy in the period immedi-
ately folowing ful bloom. Sherman and Janick's observation 
that fruit growth at successive points on the inflorescence 
is proportional could infer that ripening rates might also 
be proportional (29). The slightly retarded development of 
secondary and tertiary fruit in the concentrated-ripening 
selections in comparison imary fruit again is evidence 
for a mutual retardation e ct, at least earlier stages 
immediately folowing anthesis and fertilization (Fig. 4). 
The retardation effect, if it operates, is apparently over-
come in later stages when the rapid increase in size for 
successive flowers becomes relatively uniform in rate for 
al clones. A more intensive scrutiny of growth rates of 
individual flowers within inflorescences after anthesis, 
under varying environmental conditions, would aid in deter-
mining if fruit growth rates for a clone are actualy typical 
and predictable. 
The high number of aborted flowers in selection 23-6214 
is consistent with results obtained in the greenhouse experi-
ment, although quaternary flowers in this case produced the 
greatest proportion of the total aborted flowers (Table 9). 
This difference in behavior between greenhouse grown plants 
and field plants of this selection is unexplained but prob-
ably reflects differences in environmental conditions under 
which the plants flowered. Abortion of late-formed flowers 
appears to be a consistent internaly-regulated phenomenon 
in this clone. A relationship between flower abortion and 
ripening behavior, however, was not substantiated by data. 
The relationship between the number of aborted quaternary 
flowers for each variety and the percent usable tertiary 
fruit for the same respective varieties ~ay or may not be 
coincidental (Tables 7, 9). It remains for future work to 
determine the degree of correlation between abortion of late-
developing flowers and the growth and ripening rates of ear-
lier fruit on individual inflorescences. 
The inconsistencies observed in the branching variations 
of inflorescences in selection 23-6214 and Cyclone between 
field grown plants and those flowering in the greenhouse 
should probably be atributed to random chance in selecting 
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plants. These same inco!lslstencles and the failure to observe 
a predominance of one branching habit in clones with similar 
ripening behavior indicates that inflorescence branching vari-
ations should be discounted as a criterion for selecting vari-
eties with similar fruit ripening responses. 
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SUMMARY 
A number of selections from the strawberry breeding 
program at the Iowa State Horticultural Research Station 
have exhibited concentrated ripening in field trials. Two 
of these, selections 2J-6214 and 26-6215, were chosen on 
the basis of high yields in once-over harvesting for morpho-
logical comparisons of pre-and post-dormant inflorescence 
development with two non-concentrated harvest cultivars, 
Midway and Cyclone. Differences in fruit characteristics 
were also observed. 
Sectioned inflorescences taken before dormancy revealed 
no characteristics which could be considered indicative of 
concentrated ripening. In the post-dormant period, stylar 
development in secondary buds of the concentrated-ripening 
selections was somewhat retarded in relation to that of the 
primary bud, when compared to the Cyclone variety. From the 
photomicrographs, this appears to be the most significant 
difference in a comparison of floral development in concen-
trated versus non-concentrated cultlvars. 
Data on the uniformity of fruit size and the percent 
usable fruit in a once-over harvest confirmed results ob-
tained in field trials. Observations and counts of aborted 
tertiary and quaternary flowers in field and greenhouse grown 
plants strongly indicates that abortion of late-blooming 
flowers is characteristic of concentrated-ripening clones. 
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Pedic length as a criterion for distinguishing concentrated-
ripening clones was dismissed, since no significant correla-
tion between pedicel lengths and fruit weights was observed 
when measured at intervals in the post-anthesis developmental 
period. 
The mean number of days between anthesis of successive 
flower groups (primary, secondary, tertiary) showed that 
these intervals were consistently longer for the concentrated-
ripening clones. However, environmental effects on the time 
period involved between anthesis of successive flowers have 
not been sufficiently investigated to verify this observation 
as a consistent response in concentrated-ripening clones. 
On the basis of recent evidence by other workers and 
indications of an inhibitor effect in this investigation, 
a mutual retardation of early and late blooming flowers within 
inflorescences is hypothesized as a possible mechanism induc-
ing concentrated ripening. Such a mechanism, if it occurs, 
remains to be established by further studies. 
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APPENDIX: STATISTICAL ANALYSES 
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Greenhouse Experiment 
Table 11. Analyses of variance for the mean number of days to anthesis for primary, secondary and tertiary flowersa 
Source d. f. M.S. "F" 
Primary flowers 
Total 127 
Varieties 3 720.59 34.3t;** 
Plants 124 20.97 
Secondary flowers 
Total 243 
Varieties 3 28,581.17 520.70** 
Plants 123 54.89 3.44** 
Flowers in plants 117 15.97 
Tertiary flowers 
Total 363 
Varieties 3 1,004.06 11.08** 
Plants 105 90.61 2.5?** 
Flowers in plants 255 35.44 
aDegrees of freedom were reduced by one for each fruit lost. 
**Significant at = 0.01. 
79 
Field Experiment 
Table 12. Analyses of variance for primary, secondary and tertiary fruit weightsa 
Source d. f. M.S. "F" 
Primar;y fruit 
Total 318 
Whole plots Blocks 1 6.13 Varieties 3 24.47 9.0~ Error 3 2.71 Split plots Dates 4 408.51 66.00** Varieties x dates 12 10.98 1.77 Experimental error 16 6.19 2.65** Sampling error 279 2.33 
Secondar;y fruit 
Total 318 
Whole plots Blocks 1 .02 Varieties 3 4.99 1.37 Error 3 3.64 Split plots Dates 4 104.55 50.594** Varieties x dates 12 2.19 1.06 Experimental error 16 2.07 4.72** Sampling error 279 .44 
Tertiarz fruit 
Total 304 
Whole plots Blocks 1 .0005 Varieties 3 .71 2.25 Error 3 .31 Split plots Dates 4 13.17 3.94* Varieties x dates 12 .40 1.21 Experimental erro.r 16 -33 1.33 Sampling error 265 .25 
aDegrees of freedom are reduced by one for each fruit weight estimated due to missing data. * Significant at = 0.05. ** Significant at = 0.01. 
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Field Experiment 
Table 13. Analyses of variance for primary, secondary and tertiary pedicel lengths 
Source d. f. M.S. "F" 
Primary fruit 
Total 319 
Whole plots Blocks 1 2.05 Varieties 3 182.20 13.22* Error 3 13.78 Split plots 
163.85 Dates 4 15.02** Varieties x dates 12 13.55 1.24 Experimental error 16 10.91 1.96* Sampling error 280 5.56 
Secondar;y fruit 
Total 319 
Whole plots Blocks 1 2.65 Varieties 3 63.27 13.05* Error 3 4.85 Split plots Dates 4 3.70 1.44 Varieties x dates 12 6.67 2.60* Experimental error 16 2.57 .59 Sampling error 280 4.33 
Tertiar;y fruit 
Total 319 
Whole plots Blocks 1 3.42 Vari ies 3 14.93 4.04 Error 3 3.70 Split plo Dates 4 15.21 8.45** Varieties x dates 12 2.33 1.29 Experimental error 16 1.80 .90 Sampling error 280 1.99 
*Significant at = o.os. 
**Significant at = 0.01. 
